T he incidence of esophageal cancer is increasing, with an estimated 16980 new cases in the United States in 2015, and approximately 32% of esophageal cancer patients have locally advanced disease at the time of diagnosis. [1] [2] [3] [4] [5] National Comprehensive Cancer Network guidelines recommend surgery as a possible treatment for most cases of esophageal cancer that do not have invasion of unresectable structures or distant metastatic disease, and several studies have suggested that complete surgical resection provides the best chance for long-term survival in patients who do not have distant disease. [6] [7] [8] However, the treatment for locally advanced but potentially resectable esophageal cancer is highly variable in practice. 9 In fact, surgery for locoregional disease is utilized in only 30% to 40% of resectable cases. 8, 10 The relatively low utilization of esophagectomy for esophageal cancer may be because surgical resection is historically associated with significant morbidity and mortality. [11] [12] [13] [14] [15] Patients undergoing esophageal surgery have historically experienced lengthy hospital stays and prolonged overall recovery periods, which are generally more than doubled when significant complications occur. [15] [16] [17] [18] Minimizing perioperative morbidity is critical to increase the use of surgical resection and improve overall outcomes, so that primary nonsurgical treatment is reserved only for those who refuse surgery, have unresectable cancers, or are not thought to be surgical candidates for other reasons. 19 Although esophagectomy can be achieved using a variety of surgical techniques (eg Ivor Lewis, McKeown, transhiatal, etc), surgeon and center experience has been shown to be a much more important determinant of outcomes than actual choice of procedure. Many studies have failed to demonstrate any significant differences in short-or long-term survival or quality of life between transthoracic and transhiatal esophagectomies. 12, 14, [20] [21] [22] However, centers and surgeons that perform high volumes of esophageal surgery typically report mortality rates that are significantly lower for both transhiatal and transthoracic procedures than those reported in multicenter studies or national databases. 16, [23] [24] [25] The relationship between volume and outcomes for patients being treated for esophageal cancer has also been well described by multiple population-based studies. [26] [27] [28] [29] [30] Despite the clear advantages associated with higher volume care, little is known about the patient decision process in choosing care at low-or high-volume centers. Ease of access to a highervolume facility, though, likely has a major impact on that patient's choice, including the distance the patient would have to travel for care. The importance of travel burden with respect to how patients select their providers has been described previously, with 1 standardgamble study reporting that for major cancer operations, nearly half of patients were willing to accept twice the perioperative mortality risk to avoid a theoretical 4-hour drive. 31 Accordingly, many patients may not seek care at a high-volume hospital if several hours of travel are required, which in addition to practical issues may also isolate them from personal support systems and trusted providers for continuity-of-care. 31 Considering these issues, we hypothesized that the need to travel long distances may mitigate the known benefits of seeking care at a high-volume facility. The purpose of this study was to specifically evaluate how travel burden and hospital volume influence treatment and outcomes of patients with locally advanced esophageal cancer using a large population-based dataset.
METHODS

Data Source
This retrospective study of patients with locally advanced T1-3N1M0 esophageal cancer in the National Cancer Data Base (NCDB) was approved by the Duke University Institutional Review Board. The NCDB is a joint venture between the American College of Surgeons Commission on Cancer and the American Cancer Society, and is estimated to capture 70% of all newly diagnosed cancers in the United States. The database collects data from more than 1500 Commission on Cancer-approved facilities in North America, and currently contains more than 30 million records. American Joint Committee on Cancer staging data are directly available, concomitant with year of diagnosis. Use of esophagectomy was determined using Facility Oncology Registry Data Standards codes.
Patient Selection
Patients with American Joint Committee on Cancer cT1-3N1M0 mid-and lower-third esophageal cancers less than 30 cm in size and diagnosed from 2006 to 2011 were included for analysis. Distance traveled is available in the NCDB and reflects the distance between the patient's residential zip code centroid and the zip code centroid for the hospital, calculated using the Haversine formula. 32 Hospital case volume was determined based on the unique facility identifier in the database. Independent predictors of esophagectomy were estimated with a multivariable logistic regression model, including age, sex, race, insurance status, Charlson comorbidity index, median census-tract income and education levels, clinical T-stage, facility volume, and distance traveled to facility.
Statistical Analysis
Patients were stratified into 2 groups based on distance traveled to receive treatment and the case volume at that facility. Patients who traveled short distances and received care at lowvolume centers (Local) were defined as those treated at facilities in the lowest quartile of travel distance (<5.2 miles) and low facility volume (<5 cases/yr). Patients who traveled more substantial distances to receive treatment at high-volume centers (Travel) were defined as those treated at facilities in the highest quartile of distance traveled (>36.1 miles) and high facility volume (>20 cases/yr). Patients who did not meet these criteria were not included for analysis, as their data were not deemed to be pertinent to the central hypothesis of the study. Baseline characteristics between groups were compared with the Wilcoxon rank-sum test for continuous variables and Pearson x 2 test for discrete variables. To address issues of confounding and bias, propensity scores were developed which we defined as the probability of Travel versus Local, conditional on other measured covariates, which included patient age, race, insurance status, Charlson-Deyo comorbidity score, education, income, and clinical stage. Patients were matched based on propensity scores using a 1:1 nearest neighbor algorithm (MatchIt: Nonparametric Preprocessing for Parametric Casual Inference). Propensity measurements were estimated using a standard logistic regression model without replacement, and model discrimination was assessed using the C-index. Following propensity matching, balance was assessed between groups based on standardized differences (Nonrandom: Stratification and matching by the propensity score). Survival between groups was assessed with the Kaplan-Meier method and log-rank test, and propensity-adjusted survival was tested between the matched groups with a standard product-limit estimator. As a further sensitivity analysis, survival was then compared only among patients who were treated with esophagectomy, and a similar propensity-adjusted model was created using the same measured variables as used for the primary analysis. As an additional post-hoc confirmatory analysis, Travel patients were then compared with a cohort of patients not included in the primary analysis, who were treated at high-volume centers but who traveled less than the median travel distance ( 13.5 miles).
A P value of less than 0.05 was considered statistically significant, and type I error was controlled for at the level of the comparison. Missing data were handled with complete case analysis given the substantial completeness of the study population data. All analyses were performed using R version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
A total of 4979 patients with locally advanced T1-3N1M0 esophageal cancer were identified in the NCDB from 2006 to 2011 and met inclusion criteria (Fig. 1) . Baseline characteristics and endpoints for the entire patient cohort are included in Supplemental Table 1 , http:// links.lww.com/SLA/A991 (online). Median patient age was 64 years, with the majority of patients having T3 disease (74.9%). The median distance traveled was 13.5 miles [interquartile range (IQR): 5.2-36.1 miles], with patients living in the Midwestern and Southern United States traveling the farthest on average ( Fig. 2A) . Median facility treatment volume was 4.8 cases/yr (IQR: 2.7-9.5), with facilities in the Northeast Mid-Atlantic United States having the highest average case volume per hospital (Fig. 2B) . Among all patients, predictors of treatment with esophagectomy are shown in Table 1 and included younger age, male sex, white race, private insurance, and higher census-tract education levels. Higher facility volume was marginally associated with use of esophagectomy (odds ratio 1.04 per 5 annual cases, P <.001), whereas distance traveled was not (odds ratio 1.02, P ¼.11).
There were 867 patients identified who stayed local to be treated at a low-volume hospital, traveling a median 2.7 miles (IQR:
1.6-4 miles) to facilities with a median annual volume of 2.6 treatment cases/year (IQR: 1.9-3.3), whereas 317 patients were identified who traveled for treatment at a high-volume hospital, traveling a median 107.1 miles (IQR: 65-247 miles) to facilities with a median annual volume of 31.9 treatment cases/year (IQR: 30.9-38.5). Baseline characteristics for the 2 groups are shown in Table 2 , and there were statistically significant differences between the 2 groups for all variables with the exception of sex, education, income, and insurance status. Before adjustment, Travel patients were younger, more likely to be white, more likely to have private insurance, had lower Charlson comorbidity scores, and had higher clinical T-stage. Following propensity matching, model diagnostics were assessed (C-index 0.74, differences between groups were negligible for all variables and characteristics ( Table 2) . Patients who traveled to high-volume centers remained substantially more likely to undergo surgery (67.8% vs 42.9%, P < 0.001). Among patients treated with surgery, outcomes between groups are shown in Table 3 , and following adjustment Travel patients had similar rates of neoadjuvant chemotherapy and radiation therapy use, but had more lymph nodes removed during surgery (median 17 vs 10, P < 0.001). Hospital length of stay, as well as 30-day and 90-day mortality were not statistically different between groups; however, unplanned 30-day readmission rates were significantly lower in the Travel group (5.6% vs 7.4%, P < 0.001).
In unadjusted survival analysis, Travel patients had significantly better long-term survival compared to their Local counterparts (Fig. 3A , 5-year survival: 39.8% vs 20.6%, P < 0.001), and this advantage was maintained following adjustment with propensity matching (Fig. 3B , 5-year survival: 39.8% vs 26.0%, P < 0.001) as well as after additional post-hoc Cox proportional hazards adjustment for residual staging differences between groups (hazard ratio 0.61, P < 0.001). To address the possibility that the survival advantage seen in the Travel group compared to the Local group was attributable to the higher rates of surgery utilized in the Travel group, a sensitivity analysis was conducted among only those patients who underwent esophagectomy as part of their cancer treatment. This was done to address concerns that surgery may be associated with superior survival not only due to the presumed oncologic benefits of resection, but also because surgery may have been preferentially used in generally healthier patients. In this subset analysis of only surgical patients, survival among Local patients improved substantially over the initial cohort, although Travel patients continued to exhibit a significant 5-year survival advantage (Fig. 4A, 43 .6% vs 34.5%, P ¼ 0.024). Following repeat propensity matching amongst the surgically resected groups, the difference in survival no longer met statistical significance (Fig. 4B, 43 .6% vs 34.9%, P ¼ 0.055). Among patients who were not treated with surgery, Travel patients similarly demonstrated a significant survival advantage, although outcomes were overall inferior (32.1% vs 14.0%, P < 0.001). In the confirmatory analysis comparing Travel patients to the patients who were treated at high-volume centers but who traveled less than the median travel distance, there was no significant difference in overall survival [5- 
DISCUSSION
In this study, we analyzed national treatment patterns for the management of locally advanced esophageal cancer, examining the relationship between patient travel distance and facility volume, and the subsequent effects on long-term outcomes. We specifically sought to address the question facing many patients who have a new diagnosis of esophageal cancer but who do not live near a highvolume center: is it better to stay close to home and receive care at a local low-volume center, or should the patient endure the burden associated with traveling longer distances to a high-volume center for treatment? The results of this study showed that patients who traveled to higher-volume centers were much more likely to be treated with surgery as part of their management. The 5-year survival of patients who traveled to high-volume centers was more than 50% higher than that of patients who did not travel and were treated at lowvolume centers.
The effect of surgeon and hospital volume on perioperative outcomes has been clearly established, with some of the earliest reports examining esophagectomy in particular. [26] [27] [28] [29] [30] Factors underlying how and why patients choose particular facilities, and how these decisions affect outcomes, however, have not been well studied. It is reasonable to believe that despite the known volume-outcome benefits, some patients may choose to stay close to home to receive care at a lower-volume center to be closer to established support networks. Furthermore, increased travel burden among breast and colorectal cancer patients has been associated with numerous potential downsides, including costs, higher stages of disease at presentation, disparities in treatment approaches, and lower enrollment in clinical trials.
33-37 Accordingly, we hypothesized that travel burden may potentially mitigate the expected benefits of seeking care at a high-volume facility. Despite these disadvantages, however, we show that travel to receive treatment at facilities with higher treatment volumes is still associated with superior long-term outcomes. These results provide further evidence in support of regionalization of care for diseases that are relatively uncommon or involve more complex management strategies. Interestingly, while traveling to a high-volume center was associated with improved long-term survival, there were no significant differences between the Travel and Local groups regarding 30-or 90-day mortality and hospital length of stay. We did, however, observe a higher rate of unplanned readmission in the Local group, which may be a surrogate for postoperative morbidity. Although the long-term survival advantages are consistent with the existing literature, 29 the lack of obvious short-term differences are somewhat contradictory, but are likely the result of our study population, patient inclusion criteria, and the very limited data available in the NCDB regarding short-term outcomes and patient comorbidities. 26, 27 Rather than focusing exclusively on patients who underwent surgery, we included all patients treated for locally advanced esophageal cancer. Patients who traveled to high-volume centers were more than twice as likely to undergo esophagectomy as part of their management strategy compared to Local patients, and it is plausible that the smaller proportion of patients selected for surgery at low-volume Local centers may have been generally better candidates or less complicated cases.
On the contrary, it is possible that the substantially higher rate of esophagectomy in the Travel patients represents a selection bias regarding less-advanced disease and better general medical condition among these patients. This is unlikely, as previous studies have demonstrated a relationship between travel distance and higher stages of disease, and our own results confirm this finding with Travel patients having more advanced disease. 36, 38 Furthermore, our sensitivity analysis demonstrated that even among only the patients deemed to be surgical candidates and who underwent esophagectomy, travel to a high-volume center was associated with better longterm survival. Although it is difficult to identify the specific underlying reasons for the survival difference among all patients, patients in the Travel group who underwent esophagectomy had significantly more lymph nodes examined during surgery, which may be a surrogate for more appropriate oncologic resection.
The NCDB offers numerous advantages over other clinical and administrative databases in attempting to address questions regarding facility volume and travel distance. First and foremost, it is the only large dataset to our knowledge to include patient travel distance, facility information, cancer stage and tumor characteristics, treatment data including surgery and chemo/radiotherapy, short-term outcomes, and long-term survival data, all from a single source. The large number of patients available also provides ample statistical power to detect small but potentially relevant differences. Lastly, results derived from the NCDB are generally applicable to the overall population of the United States, in that approximately 70% of all annual diagnoses of cancer are captured by the database. Despite these numerous advantages, the NCDB has some important limitations. First, we were unable to identify specific reasons why patients chose to travel to a high-volume center versus staying close to home and receiving treatment at a lower-volume center, and this could potentially bias our results if the underlying unmeasured factors were confounded with survival and were not balanced between the 2 groups. The NCDB does not provide any information regarding patient's resources and ability to travel, both of which likely influence patient's decisions regarding access to care. Similarly, there is relatively limited data regarding operative approach, including the use of minimally invasive techniques, which may be more commonly employed at higher-volume centers and potentially confer better perioperative outcomes. Furthermore, preoperative functional status and patient comorbidities are lacking, all of which may be important in predicting treatment and survival. The NCDB also lacks details regarding participating in clinical trials as well as the modalities used to establish clinical stage, and if there were nonrandom differences between the groups, specifically if the Travel patients were more accurately clinically staged or more likely to participate in trials, our observed outcomes may have been biased.
In addition to specific NCDB limitations, we also chose to use overall esophageal cancer treatment center volume given the primary study question at hand; however, surgical volume has been previously associated with decreased morbidity and mortality, and we were unable to fully address this important point. Also of potential concern is our use of extreme groups while excluding a large proportion of patients who fell closer to the median of both travel distance and volume, which may have implications regarding statistical variance. This was done intentionally; however, as the purpose of this study was to examine specific situations when travel burden and volume were combined; specifically, either long-distance travel to a high-volume facility or short-distance travel to a low-volume facility.
In this study we found that patients who travel longer distances to high-volume centers have significantly different treatment patterns than patients who stay close to home at low-volume FIGURE 3. Kaplan-Meier survival curves for patients treated for esophageal cancer, stratified by whether patients travel to highvolume centers versus stay local to receive care at low-volume centers: (A) unadjusted and (B) following propensity matching. centers. Patients who travel to high-volume centers are much more likely to be treated with surgical resection, and the patients who travel to high-volume centers get a survival benefit independent from simply being more likely to undergo surgery. In light of the decreased incidence of esophageal cancer in comparison to more common entities such as lung, breast, or colorectal cancer, regionalization of this fairly uncommon disease is important. 5 Although further studies that investigate why or why not patient would choose to travel to a high-volume center are necessary, strategies that support regionalization of care, and specifically patient travel for treatment at high-volume centers, may improve esophageal cancer outcomes.
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